Abstract : Reservoir which has been subject to brittle deformation contains fault s with displacements from a few millimeter to tens and hundreds meters, but only part of these faults may be mapped by seismic survey. Despite the complexity of the faults and fault system, two major factors, the resolution of detection tool and the grid density of line search, influence the detectability of a fault . This paper discusses the impact of seismic grid pattern on the unmapped faults and proposes the use of Horvitz-Thampson estimator for estimation of number and sizes of fault unmapped by seismic survey in a region under investigation.
INTRODUCTION
Fault as a geological phenomena plays an important role in petroleum accumulation and reservoir compartmentation.
Reservoir which has been subject to brittle deformation contains faults with displacements from a few millimeter to tens and hundreds meters.
However only part of these faults may be mapped due to seismic grid line density and seismic resolution in a petroleum exploration. Given data quality, the denser the seismic grid is, the larger the number of faults can be mapped in a reservoir horizon. General knowledge of rock mechanics and analog to outcrop observations suggest that small faults are also present in reservoir rock and the frequency of fault occurrence increases with decreases in fault displacements.
These small faults in conjunction with fractures contribute in a large portion to reservoir heterogeneity and exert influence on the subsurface fluid flow. It is therefore important to investigate the characteristics and spatial distribution of the small faults and fractures as early as possible in a reservoir study.
The distribution characteristics of a fault population have been intensely studied in recent years. The power law or fractal model has been suggested and tested by several researchers (Heffer, 1989; Marret et at. 1992 , Walsh etc., 1991 . However problems still remain in systematically estimating both the number and size distribution characteristics of faults missed by seismic grid line search of a region. This article proposes a moment estimator based on a well -known finite population survey theory, the Horvitz-Thampson (H -T) estimator, to estimate the properties of the finite population of faults. The application of the method to the prediction of the number and sizes of unmapped faults is then illustrated through computer simulated fault patterns in space. 
THE HORVITZ-THAMPSON (H-T) ESTIMATOR
The number of faults in the population, N, can be estimated by N= nƒ°i=1 1/ƒÎi(n) (4) gives the variance of the estimate of total magnitude, whereas h(yl)=1, equation (4) provides the variance for the estimated total number of faults. To compute the probability of detecting an anomaly of a fault by continuos seismic grid line search, we assume that an anomaly with boundary curve C lying in the x -y plane is detected if at least one grid line crosses its boundary curve. The model for the computation of the detecting probability from Kaufman (1994) is adopted in this study, and the following model is based on Kaufman's probability model (1994): B. An anomaly is detected if at least one lattice (grid) line crosses its boundary curve. C. The location of each anomaly is uniformly distributed on the plane, and orientations of the fault are uniform on (0,2 pr). 
ESTIMATION OF DETECTION PROBABILITY
where a is a constant, a is the shape parameter of the Pareto model, x is the fault trace length. Based on the randomly generated probability values, we calculate the fault trace length using the following relation:
where F is the probability distribution function. Fig.3 One realization of the parent fault population, plotted in a log-log scale. The method can also provide other estimates rather than magnitude, as long as the estimated property has a single valued function of the magnitudes. For example, if the objective of the study is to estimate the total amount of extension due to normal faulting, using the fault trace length to calculate detection probabilities, replacing g(yi) with the measurements on fault width, the total extension can be then estimated using equation (2).
Complex seismic grid line pattern rather than the one in figure 4 can be also handled by this method. To calculate the detection probabilities in complex circumstances, it is referred to Kaufman(1994) for methodology details.
CONCLUDING REMARKS Although the power law relationship between fault length and fault number has been suggested by several researchers, different opinion exists (Wen, 1995) . The H-T estimator is a nonparametric model, i.e., non pre-assumption on characteristics of the parent population is required. It is therefore applicable in the case that fault magnitude does not follow power law relation. 
